Variant heparan sulfates synthesized in developing mouse brain differentially regulate FGF signaling.
Heparan sulfates (HSs) exert critical regulatory actions on many proteins, including growth factors, and are essential for normal development. Variations in their specific sulfation patterns are known to regulate binding and signaling of fibroblast growth factors (FGFs) via tyrosine kinase receptors (FGFRs). We previously reported differences in sulfation patterns between HS species expressed by embryonic day 10 (E10) and E12 mouse neural precursor cells. We have examined the abilities of the different HS species to support signaling of the relevant FGF-FGFR combinations expressed early during brain development. For FGF8, which only functions early (E8-E11), E10 HS showed preferential activation. The most potent signaling for FGF8 was via FGFR3c, for which E10 HS was strongly active and E12 HS had no activity. For FGF2, which functions from E10 to E13, HS from both stages showed similar activity and were more potent at activating FGFR1c than the other receptors. Thus, we find a stage-specific correlation with activation. To explore the potential mechanisms for the generation of these stage-specific HS species, we investigated the expression of the HS sulfotransferase (HSST) isozymes responsible for creating diverse sulfation motifs in HS chains. We find that there are stage-specific combinations of HSST isozymes that could underlie the synthesis of different HS species at E10 and E12. Collectively, these data lead us to propose a model in which differential expression of HSSTs results in the synthesis of variant HS species that form functional signaling complexes with FGFs and FGFRs and orchestrate proliferation and differentiation in the developing brain.